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1
METHOD AND APPARATUS FOR
RETRIEVING TRANSMIT OPPORTUNITY
CONTROL IN REVERSE DIRECTION GRANT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of International Appli-
cation No. PCT/CN2012/072698, filed on Mar. 21, 2012,
which claims priority to Chinese Patent Application No.
201110276060.2, filed on Sep. 16, 2011, both of which are
hereby incorporated by reference in their entireties.

FIELD OF THE INVENTION

The present invention relates to the field of communica-
tions technologies, and in particular, to a method and an
apparatus for retrieving transmit opportunity control in
reverse direction grant.

BACKGROUND OF THE INVENTION

A basic service set (BSS) is a basic element of a wireless
local area network (WLAN). A BSS network is formed by
stations (STA) that have certain association within a specific
coverage area. One scenario of the association is that stations
directly communicate with each other in an ad hoc network,
which is called an independent BSS (IBSS). Another com-
mon scenario is that in a BBS network, only one central
station for dedicatedly managing a BSS is called an access
point (AP), whereas other stations that are not an AP are
called terminals, or called non-AP STAs. The AP and non-AP
STAs are collectively called STAs. The AP and non-AP STAs
do not need to be distinguished in description of the STA. In
the same BSS network, due to factors such as a distance and
transmit power, one STA is incapable of detecting another
STA that is far away from it. The two STAs are hidden nodes
for each other.

In the 802.11e protocol, a transmit opportunity (TXOP) is
introduced. A TXOP is a bounded time interval during which
a station may transmit a frame in a specific communication
category. The station obtains a TXOP through contention.
Once obtaining the TXOP, the station may transmit a frame in
a specific communication category within the TXOP. The
frame may specifically be a data frame, a control frame, or a
management frame.

When a certain STA obtains a TXOP through contention,
the STA is called a TXOP holder. A technology that within the
TXOP, when the TXOP holder does not transmit data itself,
the TXOP holder temporarily transters TXOP control to
another STA, and the another STA is enabled to send data to
the TXOP holder is called reverse direction grant (RDG). In
the RDG, the TXOP holder is called a reverse direction ini-
tiator (RD Initiator), and the STA that temporarily obtains the
TXOP control granted by the RD Initiator is called a reverse
direction responder (RD Responder).

To fully use a spectrum resource and improving a trans-
mission rate, a TXOP sharing mode of multi-user multiple
input multiple-output (MU-MIMO) is defined for downlink
data of an AP. In this TXOP sharing mode of the MU-MIMO,
multiple service types may share one TXOP, so as to imple-
ment concurrent transmission of frames of multiple service
types in an MU-MIMO mode, thereby greatly saving the
spectrum resource.

In traditional RDG, when an RD Responder sends a last
frame to an RD Initiator, or requires an RD Initiator to send a
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2

block acknowledgement for the frame, the RD Responder
automatically returns TXOP control back to the RD Initiator.

If the RD Initiator correctly demodulates the last frame
sent by the RD Responder, the RD Initiator immediately
retrieves the TXOP control. When the RD Responder sends a
block acknowledgement request (BAR), the RD Initiator
returns a block acknowledgement (BA) to the RD Responder.
When the RD Initiator fails to correctly demodulate a block
acknowledgement frame, the RD Initiator retrieves the TXOP
control by using a point coordination function inter-frame
space (PIFS). Retrieving the TXOP control by using the PIFS
means that when the RD Initiator fails to correctly demodu-
late a frame, and does not know whether the frame is a last
frame and whether a block acknowledgement is needed for
the frame, within one PIFS, the RD Initiator intercepts a state
of a channel (busy or idle). If the channel is in an idle state
within the PIFS, the RD Initiator retrieves the TXOP control.

Based on the traditional RDG, when the RD Responder is
an AP that supports the MU-MIMO, the AP may use an
MU-MIMO technology to improve the transmission rate. For
example, in a specific scenario, existing stations are an AP, an
STA1, and an STA2. The STA1 and the STA2 are hidden
nodes for each other, the RD Initiator is the STA1, and the RD
Responder is the AP. When the AP enables the MU-MIMO,
concurrently sends a frame to the STA1 and the STA2, and
requires the STA2 to send an acknowledgement in time, if the
STA1 fails to correctly demodulate the frame, the STA1
retrieves TXOP control by using a PIFS and then continues
sending another frame to the AP. However, in this case, the
STA2 sends a BA to the AP according to a requirement of the
AP. That is, at the same time point, the STA1 sends another
frame to the AP and the STA2 sends a BA to the AP, thereby
resulting in a conflict.

SUMMARY OF THE INVENTION

Embodiments of the present invention provide a method
and an apparatus for retrieving transmit opportunity control in
reverse direction grant, so that a conflict occurring between a
case where an RD Initiator continues sending another frame
to an RD Responder after retrieving TXOP control and a case
where a terminal other than the RD Initiator sends a block
acknowledgement to the RD Responder can be avoided.

In one aspect, an embodiment of the present invention
provides a method for retrieving transmit opportunity control
in reverse direction grant, where the method includes:

when a reverse direction initiator RD Initiator fails to cor-
rectly demodulate a frame sent by a reverse direction
responder RD Responder, retrieving, by the RD Initiator,
transmit opportunity TXOP control by using a point coordi-
nation function inter-frame space PIFS if it is impossible for
the RD Responder to enable a multi-user multiple-input mul-
tiple-output MU-MIMO mode, and retrieving, by the RD
Initiator, the TXOP control by using a duration if it is possible
for the RD Responder to enable the MU-MIMO mode, where
the duration is longer than the PIFS.

In another aspect, an embodiment of the present invention
provides a method for retrieving transmit opportunity control
in reverse direction grant, where the method includes:

when a reverse direction initiator RD Initiator fails to cor-
rectly demodulate very high throughput signaling A1 (VH-
SIG-A1) in a frame sent by a reverse direction responder RD
responder, retrieving, by the RD Initiator, transmit opportu-
nity TXOP control by using a point coordination function
inter-frame space PIFS if it is impossible for the RD
Responder to enable a multi-user multiple-input multiple-
output MU-MIMO mode, and retrieving, by the RD Initiator,
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the TXOP control by using a duration if it is possible for the
RD Responder to enable the MU-MIMO mode, where the
duration is longer than the PIFS;

when the RD Initiator correctly demodulates the very high
throughput signaling Al in the frame sent by the RD
responder but fails to correctly demodulate the frame com-
pletely, retrieving, by the RD Initiator, the TXOP control by
using the PIFS if the frame is a single-user frame and a value
of a partial association identifier Partial AID in the very high
throughput signaling A1 is the same as a value of a Partial AID
of the RD Initiator;

when the RD Initiator correctly demodulates the very high
throughput signaling Al in the frame sent by the RD
responder but fails to correctly demodulate the frame com-
pletely, retrieving, by the RD Initiator, the TXOP control by
using a duration if the frame is a multi-user frame, where the
duration is longer than the PIFS; and

when the RD Initiator correctly demodulates the very high
throughput signaling Al in the frame sent by the RD
responder but fails to correctly demodulate the frame com-
pletely, retrieving, by the RD Initiator, the TXOP control by
using a duration if the frame is a single-user frame and the
value of the partial association identifier Partial AID in the
very high throughput signaling A1 is different from the value
of the Partial AID of the RD Initiator, where the duration is
longer than the PIFS.

In another aspect, an embodiment of the present invention
provides a method for retrieving transmit opportunity control
in reverse direction grant, where the method includes:

when a reverse direction responder RD responder enables
a multi-user multiple-input multiple-output MU-MIMO
mode, and the RD responder concurrently sends a frame to a
plurality of stations that include a reverse direction initiator
RD Initiator, requiring only the RD Initiator to send a block
acknowledgement, so that the RD Initiator is capable of
retrieving transmit opportunity TXOP control.

In one aspect, an embodiment of the present invention
provides a reverse direction initiator RD Initiator, including:

afirst control retrieving unit, configured to, when a reverse
direction initiator RD Initiator fails to correctly demodulate a
frame sent by a reverse direction responder RD Responder,
retrieve transmit opportunity TXOP control by using a point
coordination function inter-frame space PIFS if it is impos-
sible for the RD Responder to enable a multi-user multiple-
input multiple-output MU-MIMO mode; and

a second control retrieving unit, configured to, when the
RD Initiator fails to correctly demodulate the frame sent by
the RD Responder, retrieve the TXOP control by using a
duration if it is possible for the RD Responder to enable the
MU-MIMO mode, where the duration is longer than the
PIFS.

In another aspect, an embodiment of the present invention
provides a reverse direction initiator RD Initiator, including:

afirst control retrieving unit, configured to, when a reverse
direction initiator RD Initiator fails to correctly demodulate a
very high throughput signaling A1 in a frame sent by a reverse
direction responder RD responder, retrieve transmit opportu-
nity TXOP control by using a point coordination function
inter-frame space PIFS if it is impossible for the RD
Responder to enable a multi-user multiple-input multiple-
output MU-MIMO mode; and

a second control retrieving unit, configured to, when the
RD Initiator fails to correctly demodulate the very high
throughput signaling Al in the frame sent by the RD
responder, retrieve the TXOP control by using a duration if it
is possible for the RD Responder to enable the MU-MIMO
mode, where the duration is longer than the PIFS;
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a third control retrieving unit, configured to, when the RD
Initiator correctly demodulates the very high throughput sig-
naling A1 in the frame sent by the RD responder but fails to
correctly demodulate the frame completely, retrieve the
TXOP control by using the PIFS if the frame is a single-user
frame and a value of a partial association identifier Partial
AID in the very high throughput signaling A1 is the same as
a value of a Partial AID of the RD Initiator;

a fourth control retrieving unit, configured to, when the RD
Initiator correctly demodulates the very high throughput sig-
naling A1 in the frame sent by the RD responder but fails to
correctly demodulate the frame completely, retrieve the
TXOP control by using a duration if the frame is a multi-user
frame, where the duration is longer than the PIFS; and

a fifth control retrieving unit, configured to, when the RD
Initiator correctly demodulates the very high throughput sig-
naling A1 in the frame sent by the RD responder but fails to
correctly demodulate the frame completely, retrieve the
TXOP control by using a duration if the frame is a single-user
frame and the value of the partial association identifier Partial
AID in the very high throughput signaling A1l is different
from the value of the Partial AID of the RD Initiator, where
the duration is longer than the PIFS.

In one aspect, an embodiment of the present invention
provides a reverse direction responder RD Responder, where:

when the RD Responder is configured to, when the RD
responder enables a multi-user multiple-input multiple-out-
put MU-MIMO mode, and the RD responder concurrently
sends a frame to a plurality of stations that include a reverse
direction initiator RD Initiator, require only the RD Initiator
to send a block acknowledgement, so that the RD Initiator is
capable of retrieving transmit opportunity TXOP control.

It can be seen from the foregoing technical solutions that,
the embodiments of the present invention have the following
advantages.

In an embodiment of the present invention, when an RD
Initiator fails to correctly demodulate a frame sent by an RD
Responder, the RD Initiator retrieves TXOP control by using
a duration if it is possible for the RD Responder to enable an
MU-MIMO mode, where the duration is longer than a PIFS.
Because the RD Initiator retrieves the TXOP control by using
a duration that is longer than the PIFS, that is, within the
duration that is longer than the PIFS, a terminal other than the
RD Initiator sends a block acknowledgment to the RD
Responder, and then the RD Responder continues sending a
frame. In this case, the RD Initiator may intercept that a
channel is in a busy state, and does not retrieve the TXOP
control, thereby avoiding a conflict occurring between a case
where the RD Initiator continues sending another frame to the
RD Responder after retrieving the TXOP control and a case
where the terminal other than the RD Initiator sends a block
acknowledgement to the RD Responder. If it is impossible for
the RD Responder to enable the MU-MIMO mode, it is
impossible for the RD Responder to concurrently send a
frame to the RD Initiator and the terminal other than the RD
Initiator. Therefore, a conflict occurring between a case where
the RD Initiator continues sending another frame to the RD
Responder after retrieving the TXOP control and a case
where the terminal other than the RD Initiator sends a block
acknowledgement to the RD Responder does not occur.

In another embodiment of the present invention, when an
RD Initiator fails to correctly demodulate a very high
throughput signaling in a frame sent by an RD responder, the
RD Initiator retrieves TXOP control by using a duration if it
is possible for the RD Responder to enable an MU-MIMO
mode, where the duration is longer than a PIFS. Because the
RD Initiator retrieves the TXOP control by using a duration
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that is longer than the PIFS, that is, within the duration that is
longer than the PIFS, a terminal other than the RD Initiator
sends a block acknowledgment to the RD Responder, and
then the RD Responder continues sending a frame. In this
case, the RD Initiator may intercept that a channel is in a busy
state, and does not retrieve the TXOP control, thereby avoid-
ing a conflict occurring between a case where the RD Initiator
continues sending another frame to the RD Responder after
retrieving the TXOP control and a case where the terminal
other than the RD Initiator sends a block acknowledgement to
the RD Responder. When the RD Initiator correctly demodu-
lates the very high throughput signaling A1 in the frame sent
by the RD responder but fails to correctly demodulate the
frame completely, the RD Initiator retrieves the TXOP con-
trol by using the PIFS if the frame is a single-user frame and
a value of a Partial AID in the frame is the same as a value of
a Partial AID of the RD Initiator. Because the frame sent by
the RD Responder to the RD Initiator is a single-user frame,
that is, the frame is sent only by the RD Responder to the RD
Initiator, it is impossible for the RD Responder to concur-
rently send a frame to the RD Initiator and the terminal other
than the RD Initiator. Therefore, a conflict between a case
where the RD Initiator continues sending another frame to the
RD Responder after retrieving the TXOP control and a case
where the terminal other than the RD Initiator sends a block
acknowledgement to the RD Responder does not occur. When
the RD Initiator satisfies one of the following conditions, the
RD Initiator retrieves the TXOP control by using a duration
that is longer than the PIFS. The following conditions are:
The frame is a multi-user frame; and the value of the Partial
AID in the very high throughput signaling A1l is different
from the value of the Partial AID of the RD Initiator. Because
the RD Initiator retrieves the TXOP control by using a dura-
tion that is longer than the PIFS, that is, within the duration
that is longer than the PIFS, a terminal other than the RD
Initiator sends a block acknowledgment to the RD Responder,
and then the RD Responder continues sending a frame. In this
case, the RD Initiator may intercept that a channel is in a busy
state, and does not retrieve the TXOP control, thereby avoid-
ing a conflict occurring between a case where the RD Initiator
continues sending another frame to the RD Responder after
retrieving the TXOP control and a case where the terminal
other than the RD Initiator sends a block acknowledgement to
the RD Responder.

In another embodiment of the present invention, when an
RD responder enables an MU-MIMO mode, and the RD
responder concurrently sends a frame to a plurality of stations
that include an RD Initiator, only the RD Initiator is required
to send a block acknowledgement, so that the RD Initiator is
capable of retrieving TXOP control. Because the RD
Responder requires only the RD Initiator to send a block
acknowledgement and may not require an STA other than the
RD Initiator to send a block acknowledgement, a conflict
occurring between a case where the RD Initiator continues
sending another frame to the RD Responder after retrieving
the TXOP control and a case where the terminal other than the
RD Initiator sends a block acknowledgement to the RD
Responder does not occur.

BRIEF DESCRIPTION OF THE DRAWINGS

To illustrate the technical solutions in the embodiments of
the present invention more clearly, the accompanying draw-
ings required for describing the embodiments are briefly
described in the following. Apparently, the accompanying
drawings in the following description merely show some
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embodiments of the present invention, and persons of ordi-
nary skill in the art may still derive other drawings from these
accompanying drawings.

FIG. 1 is a flow chart of a method for retrieving transmit
opportunity control in reverse direction grant according to an
embodiment of the present invention;

FIG. 2 is a schematic diagram of frame interaction between
an RD Initiator and an RD Responder according to an
embodiment of the present invention;

FIG. 3 is a flow chart of a method for retrieving transmit
opportunity control in reverse direction grant according to
another embodiment of the present invention;

FIG. 4 is a schematic diagram of a reverse direction initia-
tor according to an embodiment of the present invention; and

FIG. 5 is a schematic diagram of a reverse direction initia-
tor according to another embodiment of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Embodiments of the present invention provide a method
and an apparatus for retrieving transmit opportunity control in
reverse direction grant, so that a conflict occurring between a
case where an RD Initiator continues sending another frame
to an RD Responder after retrieving TXOP control and a case
where a terminal other than the RD Initiator sends a block
acknowledgement to the RD Responder can be avoided.

To make the objectives, features, and advantages of the
present invention clearer and more comprehensible, the tech-
nical solutions in the embodiments of the present invention
are described clearly and completely in the following with
reference to the accompanying drawings in the embodiments
of the present invention. Apparently, the embodiments to be
described are only a part rather than all of the embodiments of
the present invention. Based on the embodiments of the
present invention, all other embodiments derived by persons
skilled in the art shall fall within the protection scope of the
present invention.

An embodiment of the present invention provides a method
for retrieving TXOP control in RDG, where the method
includes:

when an RD Initiator fails to correctly demodulate a frame
sent by an RD Responder, retrieving, by the RD Initiator,
TXOP control by using a PIFS if it is impossible for the RD
Responder to enable an MU-MIMO mode, and retrieving, by
the RD Initiator, the TXOP control by using a duration if it is
possible for the RD Responder to enable the MU-MIMO
mode, where the duration is longer than the PIFS.

In this embodiment of the present invention, when the RD
Initiator fails to correctly demodulate the frame sent by the
RD Responder, the RD Initiator retrieves the TXOP control
by using a duration if it is possible for the RD Responder to
enable the MU-MIMO mode, where the duration is longer
than the PIFS. Because the RD Initiator retrieves the TXOP
control by using a duration that is longer than the PIFS, that is,
within the duration that is longer than the PIFS, a terminal
other than the RD Initiator sends a block acknowledgment to
the RD Responder, and then the RD Responder continues
sending a frame. In this case, the RD Initiator may intercept
that a channel is in a busy state, and does not retrieve the
TXOP control, thereby avoiding a conflict occurring between
a case where the RD Initiator continues sending another
frame to the RD Responder after retrieving the TXOP control
and a case where the terminal other than the RD Initiator
sends a block acknowledgement to the RD Responder. Ifitis
impossible for the RD Responder to enable the MU-MIMO
mode, it is impossible for the RD Responder to concurrently
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send a frame to the RD Initiator and the terminal other than
the RD Initiator. Therefore, a conflict between a case where
the RD Initiator continues sending another frame to the RD
Responder after retrieving the TXOP control and a case
where the terminal other than the RD Initiator sends a block
acknowledgement to the RD Responder does not occur.

For details of the method for retrieving TXOP control in
RDG provided in this embodiment of the present invention,
reference is made to FIG. 1. The method for retrieving TXOP
control in RDG provided in this embodiment of the present
invention includes:

101. When an RD Initiator fails to correctly demodulate a
frame sent by an RD Responder, the RD Initiator determines
whether it is possible for the RD Responder to enable an
MU-MIMO mode. Ifit is impossible for the RD Responder to
enable the MU-MIMO mode, 102 is triggered for execution;
and if it is possible for the RD Responder to enable the
MU-MIMO mode, 103 is triggered for execution.

In this embodiment of the present invention, in a scenario

where the RD Initiator fails to correctly demodulate the frame
sent by the RD Responder, the RD Initiator determines
whether it is possible for the RD Responder to enable the
MU-MIMO mode. It should be noted that there are multiple
implementation manners for the RD Initiator to determine
whether it is possible for the RD Responder to enable the
MU-MIMO mode. The following describes the multiple
implementation modes in detail.
Al. The RD Initiator determines whether the RD Initiator
supports the MU-MIMO mode. If the RD Initiator does not
support the MU-MIMO mode, it is impossible for the RD
Responder to enable the MU-MIMO mode.

A frame is transmitted between the RD Initiator and the RD
Responder. If the RD Initiator does not support the MU-
MIMO mode, it is impossible for the RD Responder to enable
the MU-MIMO mode.

A2. The RD Initiator determines whether the RD Initiator
belongs to any group that is used for enabling the MU-MIMO
mode. Ifthe RD Initiator does not belong to any group that is
used for enabling the MU-MIMO mode, it is impossible for
the RD Responder to enable the MU-MIMO mode.

A frame is transmitted between the RD Initiator and the RD
Responder. If the RD Initiator does not belong to any group
that is used for enabling the MU-MIMO mode, it is impos-
sible for the RD Responder to enable the MU-MIMO mode.

A3. The RD Initiator determines whether the RD
Responder supports the MU-MIMO mode. If the RD
Responder does not support the MU-MIMO mode, it is
impossible for the RD Responder to enable the MU-MIMO
mode.

Before a frame is transmitted between the RD Initiator and
the RD Responder, the RD Initiator is capable of acquiring
whether the RD Responder supports the MU-MIMO mode. If
the RD Responder does not support the MU-MIMO mode, it
is impossible for the RD Responder to enable the MU-MIMO
mode.

It should be noted that, for the foregoing three implemen-
tation manners Al, A2, and A3, if at least one of three deter-
mination results is “no”, the RD Initiator may determine that
it is impossible for the RD Responder to enable the MU-
MIMO mode, and 102 is triggered for execution. The fore-
going Al, A2, and A3 are all optional determination methods
and any one of them may be selected. Alternatively, persons
skilled in the art may use other determination methods. The
determination methods herein are for illustration only rather
than limitation.

On the contrary, when the RD Initiator belongs to at least
one group thatis used for enabling the MU-MIMO mode, the
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RD Initiator may consider that it is possible for the RD
Responder to enable the MU-MIMO mode, and 103 is trig-
gered for execution. Definitely, other implementation man-
ners may also be used for determining that it is possible for the
RD Responder to enable the MU-MIMO mode. The imple-
mentation manners herein are for illustration only rather than
limitation.

102. If it is impossible for the RD Responder to enable the
MU-MIMO mode, the RD Initiator retrieves TXOP control
by using a PIFS.

In this embodiment of the present invention, if it is impos-
sible for the RD Responder to enable the MU-MIMO mode,
the RD Responder is capable of sending a frame to only the
RD Initiator, but is incapable of sending a frame to an STA
other than the RD Initiator, and may also not require the STA
other than the RD Initiator to send a block acknowledgement.
In this case, the RD Initiator retrieves the TXOP control by
using the PIFS, and then continues sending another frame to
the RD Responder. Therefore, a conflict between a case where
the RD Initiator continues sending another frame to the RD
Responder after retrieving the TXOP control and a case
where the terminal other than the RD Initiator sends a block
acknowledgement to the RD Responder does not occur.

In this embodiment of the present invention, retrieving the
TXOP control by using the PIFS means that when the RD
Initiator fails to correctly demodulate a frame, and does not
know whether the frame is a last frame and whether a block
acknowledgement is needed for the frame, within one PIFS,
the RD Initiator intercepts a state of a channel (busy or idle).
If the channel is in an idle state within the PIFS, the RD
Initiator retrieves the TXOP control. One PIFS is one short
inter-frame space plus one time slot.

In a BSS network, only one central station for dedicatedly
managing the BSS is called an access point (AP), whereas
other stations that are not an AP are called terminals, or called
non-AP STAs. The AP and non-AP STAs are collectively
called STAs. The AP and non-AP STAs do not need to be
distinguished in description of the STA.

For an independent BSS network, a direct data transmis-
sion object of an STA is another STA. For a BSS network that
has an AP, a direct data transmission object of a non-AP STA
is another non-AP STA or AP. However, in one BSS network,
a direct data transmission object of an AP may be a plurality
of non-AP STAs. Therefore, when an AP obtains TXOP con-
trol, within one control period of TXOP control, a direct data
transmission object of the AP may be a plurality of non-AP
STAs. When the AP serves as an RD Responder but it is
impossible for the RD Responder to enable an MU-MIMO
mode, the RD Initiator retrieves the TXOP control by using a
PIFS, and therefore, a conflict between a case where the RD
Initiator continues sending another frame to the RD
Responder after retrieving the TXOP control and a case
where the terminal other than the RD Initiator sends a block
acknowledgement to the RD Responder does not occur.

103. If it is possible for the RD Responder to enable the
MU-MIMO mode, the RD Initiator retrieves the TXOP con-
trol by using a duration that is longer than the PIFS.

In this embodiment of the present invention, it can be
known through the determination in 101 that when it is pos-
sible for the RD Responder to enable the MU-MIMO mode,
the RD Initiator retrieves the TXOP control by using a dura-
tion that is longer than the PIFS.

In this embodiment of the present invention, retrieving the
TXOP control by using a duration that is longer than the PIFS
means that when the RD Initiator fails to correctly demodu-
late a frame, and does not know whether the frame is a last
frame and whether a block acknowledgement is needed for
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the frame, within one duration that is longer than the PIFS, the
RD Initiator intercepts a state of a channel (busy oridle). If the
channel is in an idle state within the duration that is longer
than the PIFS, the RD Initiator retrieves the TXOP control.

It should be noted that in this embodiment of the present
invention, in a practical application, the duration that is longer
than the PIFS may be implemented in multiple implementa-
tion manners. The following describes the multiple imple-
mentation manners in detail.

One implementation manner is that the duration that is
longer than the PIFS may be expressed as the following
expression (1):

Duration that is longer than the PIFS=2*SIFS+aSlot-
Time+Max(BA Time),

where the SIFS is a short inter-frame space, the aSlotTime
is an interval, and the Max(BA Time) is a maximum duration
for sending a block acknowledgement frame. The maximum
duration for sending a block acknowledgement frame is a
duration required for modulating the block acknowledgement
frame at a minimum bit rate and separately sending the block
acknowledgement frame by using a minimum unit frequency
band.

It can be obtained from the expression (1) that within the
duration that is longer than the PIFS and is described in the
expression (1), if a terminal other than the RD Initiator sends
a block acknowledgement to the RD Responder, the RD Ini-
tiator is capable of intercepting on a channel that the channel
is in a busy state, and does not retrieve the TXOP control,
thereby avoiding a conflict occurring between a case where
the RD Initiator continues sending another frame to the RD
Responder after retrieving the TXOP control and a case
where the terminal other than the RD Initiator sends a block
acknowledgement to the RD Responder.

Another implementation manner is that a block acknowl-
edgement frame sent by an STA other than the RD Initiator is
a compressed block acknowledgement frame (Compressed
BA), the duration that is longer than the PIFS may be
expressed as the following expression (2):

Duration that is longer than the PIFS=2*SIFS+aSlot-
Time+Max(Compressed BA Time),

where the SIFS is a short inter-frame space, the aSlotTime
is an interval, and the Max(Compressed BA Time) is a maxi-
mum duration for sending a compressed block acknowledge-
ment frame. The maximum duration for sending a com-
pressed block acknowledgement frame is a duration for
modulating the block acknowledgement frame at a minimum
bit rate and separately sending the block acknowledgement
frame by using a minimum unit frequency band.

It can be obtained from the expression (2) that within the
duration that is longer than the PIFS and is described in the
expression (2), if a terminal other than the RD Initiator sends
a block acknowledgement to the RD Responder, the RD Ini-
tiator is capable of intercepting on a channel that the channel
is in a busy state, and does not retrieve the TXOP control,
thereby avoiding a conflict occurring between a case where
the RD Initiator continues sending another frame to the RD
Responder after retrieving the TXOP control and a case
where the terminal other than the RD Initiator sends a block
acknowledgement to the RD Responder.

In this embodiment of the present invention, when the RD
Initiator fails to correctly demodulate the frame sent by the
RD Responder, the RD Initiator retrieves the TXOP control
by using a duration if it is possible for the RD Responder to
enable the MU-MIMO mode, where the duration is longer
than the PIFS. Because the RD Initiator retrieves the TXOP
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control by using a duration that is longer than the PIFS, that is,
within the duration that is longer than the PIFS, a terminal
other than the RD Initiator sends a block acknowledgment to
the RD Responder, and then the RD Responder continues
sending a frame. In this case, the RD Initiator may intercept
that a channel is in a busy state, and does not retrieve the
TXOP control, thereby avoiding a conflict occurring between
a case where the RD Initiator continues sending another
frame to the RD Responder after retrieving the TXOP control
and a case where the terminal other than the RD Initiator
sends a block acknowledgement to the RD Responder. Ifitis
impossible for the RD Responder to enable the MU-MIMO
mode, it is impossible for the RD Responder to concurrently
send a frame to the RD Initiator and the terminal other than
the RD Initiator. Therefore, a conflict between a case where
the RD Initiator continues sending another frame to the RD
Responder after retrieving the TXOP control and a case
where the terminal other than the RD Initiator sends a block
acknowledgement to the RD Responder does not occur.

A method for retrieving transmit opportunity control in
reverse direction grant provided in an embodiment of the
present invention is described in the following by using a
detailed application scenario. As shown in FIG. 2, in a BSS
network, an AP, an STA1, an STA2, and an STA3 exist. The
STA1 first obtains TXOP control through contention, and the
STA1 becomes a TXOP holder. The STA1 sends a frame 1
and a frame 2 to the AP. When the TXOP holder does not
transmit data itself, the TXOP holder temporarily transfers
the TXOP control to the AP to enable the AP to send data to
the TXOP holder. That is, the STA1 is an RD Initiator, and the
AP is an RD Responder.

As shown in FIG. 2, within one TXOP, after sending the
frame 1 to the AP, the STA1 requires the AP to send an
acknowledgement. The AP sends a BA1 to the STA1, and then
the STA1 sends the frame 2 to the AP and temporarily trans-
fers the TXOP control to the AP. Within an RDG MU-MIMO
transmission duration, the AP sends a frame 5 to the STA1.
Because the AP enables an MU-MIMO mode, the AP con-
currently sends the frame 5 to the STA2 and a frame 3 to the
STA3, and requires the STA2 to send an acknowledgement.
Therefore, the STA2 sends a BA2 to the AP. In this case,
demodulation of the STA1 on the frame 5 fails, that is, the
STA1 fails to correctly demodulate the frame 5. According to
the method provided in this embodiment of the present inven-
tion, when the STA1 that servers as the RD Initiator fails to
correctly demodulate a frame sent by the RD Responder, the
RD Initiator determines whether it is possible for the RD
Responder (that is, the AP) to enable the MU-MIMO mode. If
it is possible for the RD Responder to enable the MU-MIMO
mode, the RD Initiator retrieves the TXOP control by using a
duration that is longer than a PIFS. In an embodiment illus-
trated in FIG. 2, when the RD Initiator intercepts a busy/idle
state of a channel within the duration that is longer than the
PIFS, and finds that the channel is in the busy state (the
channel is in the busy state because the STA2 sends the BA2
to the AP). Therefore, the STA1 does not retrieve the TXOP
control.

After receiving the BA2 sent by the STA2, the AP sends a
BAR™ to the STA3, to require the STA3 to send an acknowl-
edgement. Therefore, the STA3 sends a BA3 to the STA1
according to a requirement of the AP. Then, the AP continues
sending a frame 8 to the STA1, and concurrently sends a
frame 7 to the STA2 and a frame 6 to the STA3. After sending
the three frames, the AP completes frame sending. In this
case, the AP sends a BRA2 to the STAL, to require the STA1
to send an acknowledgement. However, when the STA1 fails
to correctly demodulate the BAR2, according to the method
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provided in this embodiment of the present invention, the RD
Initiator retrieves the TXOP control by using the PIFS if it is
impossible for the RD Responder to enable the MU-MIMO
mode. That is, if the STA1 intercepts within the PIFS that the
channel is always in the idle state, the STA1 may retrieve the
TXOP control. According to the method provided in this
embodiment of the present invention, if it is possible for the
RD Responder to enable the MU-MIMO mode, the RD Ini-
tiator retrieves the TXOP control by using a duration that is
longer than the PIFS. Thatis, if the STA1 intercepts within the
duration that is longer than the PIFS that the channel is always
in the idle state, the STA1 may retrieve the TXOP control and
then continues sending a frame 9 to the AP.

Another method for retrieving TXOP control in RDG pro-
vided in an embodiment of the present invention is described
in the following, and includes:

when an RD Initiator fails to correctly demodulate a very
high throughput signaling Al in a frame sent by an RD
responder, retrieving, by the RD Initiator, TXOP control by
using a PIFS if it is impossible for the RD Responder to
enable an MU-MIMO mode, and retrieving, by the RD Ini-
tiator, the TXOP control by using a duration if it is possible for
the RD Responder to enable the MU-MOMO mode, where
the duration is longer than the PIFS;

when the RD Initiator correctly demodulates the very high
throughput signaling Al in the frame sent by the RD
responder but fails to correctly demodulate the frame com-
pletely, retrieving, by the RD Initiator, the TXOP control by
using the PIFS if the frame is a single-user frame and a value
of'a Partial AID in the very high throughput signaling A1 is
the same as a value of a Partial AID of the RD Initiator;

when the RD Initiator correctly demodulates the very high
throughput signaling Al in the frame sent by the RD
responder but fails to correctly demodulate the frame com-
pletely, retrieving, by the RD Initiator, the TXOP control by
using a duration if the frame is a multi-user frame, where the
duration is longer than the PIFS; and when the RD Initiator
correctly demodulates the very high throughput signaling A1
in the frame sent by the RD responder but fails to correctly
demodulate the frame completely, retrieving, by the RD Ini-
tiator, the TXOP control by using a duration if the frame is a
single-user frame and the value of the Partial AID in the very
high throughput signaling A1 is different from the value of the
Partial AID of the RD Initiator, where the duration is longer
than the PIFS.

In another embodiment of the present invention, when an
RD Initiator fails to correctly demodulate a very high
throughput signaling A1 in a frame sent by an RD responder,
the RD Initiator retrieves TXOP control by using a duration if
it is possible for the RD Responder to enable an MU-MIMO
mode, where the duration is longer than a PIFS. Because the
RD Initiator retrieves the TXOP control by using a duration
that is longer than the PIFS, that is, within the duration that is
longer than the PIFS, a terminal other than the RD Initiator
sends a block acknowledgment to the RD Responder, and
then the RD Responder continues sending a frame. In this
case, the RD Initiator may intercept that a channel is in a busy
state, and does not retrieve the TXOP control, thereby avoid-
ing a conflict occurring between a case where the RD Initiator
continues sending another frame to the RD Responder after
retrieving the TXOP control and a case where the terminal
other than the RD Initiator sends a block acknowledgement to
the RD Responder. When the RD Initiator correctly demodu-
lates the very high throughput signaling A1 in the frame sent
by the RD responder but fails to correctly demodulate the
frame completely, the RD Initiator retrieves the TXOP con-
trol by using the PIFS if the frame is a single-user frame and
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a value of a Partial AID in the frame is the same as a value of
a Partial AID of the RD Initiator. Because the frame sent by
the RD Responder to the RD Initiator is a single-user frame,
that is, the frame is sent only by the RD Responder to the RD
Initiator, it is impossible for the RD Responder to concur-
rently send a frame to the RD Initiator and the terminal other
than the RD Initiator. Therefore, a conflict between a case
where the RD Initiator continues sending another frame to the
RD Responder after retrieving the TXOP control and a case
where the terminal other than the RD Initiator sends a block
acknowledgement to the RD Responder does not occur. When
the RD Initiator satisfies one of the following conditions, the
RD Initiator retrieves the TXOP control by using a duration
that is longer than the PIFS. Preset conditions are: The frame
is a multi-user frame; and the value of the Partial AID in the
very high throughput signaling A1 is different from the value
of the Partial AID of the RD Initiator. Because the RD Initia-
tor retrieves the TXOP control by using a duration that is
longer than the PIFS, that is, within the duration that is longer
than the PIFS, a terminal other than the RD Initiator sends a
block acknowledgment to the RD Responder, and then the
RD Responder continues sending a frame. In this case, the RD
Initiator may intercept that a channel is in a busy state, and
does not retrieve the TXOP control, thereby avoiding a con-
flict occurring between a case where the RD Initiator contin-
ues sending another frame to the RD Responder after retriev-
ing the TXOP control and a case where the terminal other than
the RD Initiator sends a block acknowledgement to the RD
Responder.

For details of the method for retrieving TXOP control in
RDG provided in this embodiment of the present invention,
reference is made to FIG. 3, where the method includes:

301. An RD Initiator demodulates a very high throughput
signaling A1 in a frame sent by an RD Responder. If the RD
Initiator fails to correctly demodulate the very high through-
put signaling A1, 302 is triggered for execution; and if the RD
Initiator correctly demodulates the very high throughput sig-
naling A1 but fails to correctly demodulate the frame com-
pletely, 304 is triggered for execution.

In this embodiment of the present invention, the RD Ini-
tiator demodulates the very high throughput signaling Al in
the frame, where the very high throughput signaling A1 (VH-
SIG-A1) carries a group identifier (Group Identifier, Group
ID) and a partial association identifier (Partial AID).

302. When the RD Initiator fails to correctly demodulate
the very high throughput signaling A1 in the frame sent by the
RD Responder, the RD Initiator determines whether it is
possible for the RD Responder to enable an MU-MIMO
mode. If it is impossible for the RD Responder to enable the
MU-MIMO mode, 303 is triggered for execution; and if it is
possible for the RD Responder to enable the MU-MIMO
mode, 306 is triggered for execution.

In this embodiment of the present invention, in a scenario
where the RD Initiator fails to correctly demodulate the very
high throughput signaling A1l in the frame sent by the RD
Responder, the RD Initiator determines whether it is possible
for the RD Responder to enable the MU-MIMO mode. It
should be noted that there are multiple implementation man-
ners for the RD Initiator to determine whether it is possible for
the RD Responder to enable the MU-MIMO mode. The fol-
lowing describes the multiple implementation manners in
detail.

B1. The RD Initiator determines whether the RD Initiator
supports the MU-MIMO mode. If the RD Initiator does not
support the MU-MIMO mode, it is impossible for the RD
Responder to enable the MU-MIMO mode.
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A frame is transmitted between the RD Initiator and the RD
Responder. If the RD Initiator does not support the MU-
MIMO mode, it is impossible for the RD Responder to enable
the MU-MIMO mode.

B2. The RD Initiator determines whether the RD Initiator
belongs to any group that is used for enabling the MU-MIMO
mode. Ifthe RD Initiator does not belong to any group that is
used for enabling the MU-MIMO mode, it is impossible for
the RD Responder to enable the MU-MIMO mode.

A frame is transmitted between the RD Initiator and the RD
Responder. If the RD Initiator does not belong to any group
that is used for enabling the MU-MIMO mode, it is impos-
sible for the RD Responder to enable the MU-MIMO mode.

B3. The RD Initiator determines whether the RD
Responder supports the MU-MIMO mode. If the RD
Responder does not support the MU-MIMO mode, it is
impossible for the RD Responder to enable the MU-MIMO
mode.

Before a frame is transmitted between the RD Initiator and
the RD Responder, the RD Initiator is capable of acquiring
whether the RD Responder supports the MU-MIMO mode. If
the RD Responder does not support the MU-MIMO mode, it
is impossible for the RD Responder to enable the MU-MIMO
mode.

It should be noted that, for the foregoing three implemen-
tation manners B1, B2, and B3, if at least one of three deter-
mination results is “no”, the RD Initiator may determine that
it is impossible for the RD Responder to enable the MU-
MIMO mode, and 302 is triggered for execution. The fore-
going B1, B2, and B3 are all optional determination methods
and any one of them may be selected. Alternatively, persons
skilled in the art may use other determination methods. The
determination methods herein are for illustration only rather
than limitation.

On the contrary, when the RD Initiator belongs to at least
one group thatis used for enabling the MU-MIMO mode, the
RD Initiator may consider that it is possible for the RD
Responder to enable the MU-MIMO mode, and 303 is trig-
gered for execution. Definitely, other implementation man-
ners may also be used for determining that it is possible for the
RD Responder to enable the MU-MIMO mode. The imple-
mentation manners herein are for illustration only rather than
limitation.

303. The RD Initiator retrieves TXOP control by using a
PIFS.

In this embodiment of the present invention, if it is impos-
sible for the RD Responder to enable the MU-MIMO mode,
the RD Responder is capable of sending a frame to only the
RD Initiator, but is incapable of sending a frame to an STA
other than the RD Initiator, and may also not require the STA
other than the RD Initiator to send a block acknowledgement.
In this case, the RD Initiator retrieves the TXOP control by
using the PIFS, and then continues sending another frame to
the RD Responder. Therefore, a conflict between a case where
the RD Initiator continues sending another frame to the RD
Responder after retrieving the TXOP control and a case
where the terminal other than the RD Initiator sends a block
acknowledgement to the RD Responder does not occur.

304. Ifthe RD Initiator correctly demodulates the very high
throughput signaling A1 and the RD Initiator determines,
according to the group identifier in the very high throughput
signaling A1, whether the frame is a single-user frame. If the
frame is a single-user frame, 305 is triggered for execution;
and if the frame is not a single-user frame, 306 is triggered for
execution.

In a very high throughput signaling A1 (VHT-SIG-A1) ata
physical layer, a group identifier (Group ID) field is used to
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indicate MU-MIMO, and a partial association identifier (Par-
tial AID) field is used to indicate an ID of a target STA of the
data. When a value of the Group ID field is a value ranging
from 2 to 62, it indicates that the data packet is a multi-user
(Multiple-User) data packet; and when the value ofthe Group
ID field is O or 63, it indicates that the data packet is a
single-user (SU) data packet. If a value of the Partial AID field
in the data packet matches with that of a Partial AID of an
STA, it indicates that the SU data packet is a data packet of the
STA.

In this embodiment of the present invention, the RD Ini-
tiator determines, according to the group identifier in the very
high throughput signaling A1, whether the frame is a single-
user frame, which may specifically be: determining whether a
value of a Group ID is 0 or 63. If the value of the Group ID is
0 or 63, the frame is a single-user frame. If the value of the
Group ID is neither 0 nor 63, the frame is not a single-user
frame but is a multi-user frame.

305. If the frame is a single-user frame, the RD Initiator
determines whether a value of a Partial AID in the frame is the
same as a value of a Partial AID of the RD Initiator. If the
value of the Partial AID in the frame is the same as the value
of the Partial AID of the RD Initiator, 302 is triggered for
execution. If the value of the Partial AID in the frame is
different from the value of the Partial AID of the RD Initiator,
306 is triggered for execution.

306. The RD Initiator retrieves the TXOP control by using
a duration that is longer than the PIFS.

It should be noted that 306 in the embodiment illustrated in
FIG. 3 is similar to 103 shown in FIG. 1, which is not detailed
here again.

It should be noted that in this embodiment of the present
invention, in a practical application, the duration that is longer
than the PIFS may be implemented in multiple implementa-
tion manners. The following describes the multiple imple-
mentation manners in detail.

One implementation manner is that, within the duration
that is longer than the PIFS and is described in the expression
(1), if a terminal other than the RD Initiator sends a block
acknowledgement to the RD Responder, the RD Initiator is
capable of intercepting on a channel that the channel is in a
busy state, and does not retrieve the TXOP control, thereby
avoiding a conflict occurring between a case where the RD
Initiator continues sending another frame to the RD
Responder after retrieving the TXOP control and a case
where the terminal other than the RD Initiator sends a block
acknowledgement to the RD Responder.

Another implementation manner is that, within the dura-
tion that is longer than the PIFS and is described in the
expression (2), if a terminal other than the RD Initiator sends
a block acknowledgement to the RD Responder, the RD Ini-
tiator is capable of intercepting on a channel that the channel
is in a busy state, and does not retrieve the TXOP control,
thereby avoiding a conflict occurring between a case where
the RD Initiator continues sending another frame to the RD
Responder after retrieving the TXOP control and a case
where the terminal other than the RD Initiator sends a block
acknowledgement to the RD Responder.

In this embodiment of the present invention, when the RD
Initiator fails to correctly demodulate the very high through-
put signaling in the frame sent by the RD responder, the RD
Initiator retrieves the TXOP control by using a duration if'it is
possible for the RD Responder to enable the MU-MIMO
mode, where the duration is longer than the PIFS. Because the
RD Initiator retrieves the TXOP control by using a duration
that is longer than the PIFS, that is, within the duration that is
longer than the PIFS, a terminal other than the RD Initiator
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sends a block acknowledgment to the RD Responder, and
then the RD Responder continues sending a frame. In this
case, the RD Initiator may intercept that a channel is in a busy
state, and does not retrieve the TXOP control, thereby avoid-
ing a conflict occurring between a case where the RD Initiator
continues sending another frame to the RD Responder after
retrieving the TXOP control and a case where the terminal
other than the RD Initiator sends a block acknowledgement to
the RD Responder. When the RD Initiator correctly demodu-
lates the very high throughput signaling A1 in the frame sent
by the RD responder but fails to correctly demodulate the
frame completely, the RD Initiator retrieves the TXOP con-
trol by using the PIFS if the frame is a single-user frame and
the value of the Partial AID in the frame is the same as the
value of the Partial AID of the RD Initiator. Because the frame
sent by the RD Responder to the RD Initiator is a single-user
frame, that is, the frame is sent only by the RD Responder to
the RD Initiator, it is impossible for the RD Responder to
concurrently send a frame to the RD Initiator and the terminal
other than the RD Initiator. Therefore, a conflict between a
case where the RD Initiator continues sending another frame
to the RD Responder after retrieving the TXOP control and a
case where the terminal other than the RD Initiator sends a
block acknowledgement to the RD Responder does not occur.
When the RD Initiator satisfies one of the following condi-
tions, the RD Initiator retrieves the TXOP control by using a
duration that is longer than the PIFS. The following condi-
tions are: The frame is not a single-user frame; and the value
of'the Partial AID in the very high throughput signaling A1 is
different from the value of the Partial AID of the RD Initiator.
Because the RD Initiator retrieves the TXOP control by using
a duration that is longer than the PIFS, that is, within the
duration that is longer than the PIFS, a terminal other than the
RD Initiator sends a block acknowledgment to the RD
Responder, and then the RD Responder continues sending a
frame. In this case, the RD Initiator may intercept that a
channel is in a busy state, and does not retrieve the TXOP
control, thereby avoiding a conflict occurring between a case
where the RD Initiator continues sending another frame to the
RD Responder after retrieving the TXOP control and a case
where the terminal other than the RD Initiator sends a block
acknowledgement to the RD Responder.

Another method for retrieving transmit opportunity control
in reverse direction grant provided in an embodiment of the
present invention is described in the following, and includes:

when an RD responder enables an MU-MIMO mode, and
the RD responder concurrently sends a frame to a plurality of
stations that include an RD Initiator, requiring only the RD
Initiator to send a block acknowledgement, so that the RD
Initiator is capable of retrieving TXOP control.

In a practical application, the method may further include:
when the RD Initiator fails to correctly demodulate the frame
sent by the RD Responder, retrieving, by the RD Initiator, the
TXOP control by using a PIFS.

In this embodiment of the present invention, when the RD
responder enables the MU-MIMO mode, and concurrently
sends a frame to a plurality of stations that include the RD
Initiator, only the RD Initiator is required to send a block
acknowledgement, so that the RD Initiator is capable of
retrieving the TXOP control. The RD Responder requires
only the RD Initiator to send a block acknowledgement.
Because the RD Responder may not require an STA other
than the RD Initiator to send a block acknowledgement.
Therefore, a conflict between a case where the RD Initiator
continues sending another frame to the RD Responder after
retrieving the TXOP control and a case where the terminal
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other than the RD Initiator sends a block acknowledgement to
the RD Responder does not occur.

In the foregoing embodiments, the method for retrieving
transmit opportunity control in reverse direction grant pro-
vided in the embodiments of the present invention is
described. A reverse direction initiator RD Initiator provided
in an embodiment of the present invention is described in the
following.

As shown in FIG. 4, an embodiment of the present inven-
tion provides a reverse direction initiator RD Initiator 400,
including:

a first control retrieving unit 401, configured to, when an
RD Initiator fails to correctly demodulate a frame sent by an
RD Responder, retrieve TXOP control by using a PIFS if it is
impossible for the RD Responder to enable an MU-MIMO
mode;

a second control retrieving unit 402, configured to, when
the RD Initiator fails to correctly demodulate the frame sent
by the RD Responder, retrieve the TXOP control by using a
duration if it is possible for the RD Responder to enable the
MU-MIMO mode, where the duration is longer than the
PIFS.

For the first control retrieving unit 401, in a practical appli-
cation, an implementable manner is that the first control
retrieving unit 401 is specifically configured to:

retrieve the TXOP control by using the PIFS when the RD
Initiator fails to correctly demodulate the frame sent by the
RD Responder and the RD Initiator does not support the
MU-MIMO mode;

or

retrieve the TXOP control by using the PIFS when the RD
Initiator fails to correctly demodulate the frame sent by the
RD Responder and the RD Initiator does not belong to any
group that is used for enabling the MU-MIMO mode;

or

retrieve the TXOP control by using the PIFS when the RD
Initiator fails to correctly demodulate the frame sent by the
RD Responder and the RD Responder does not support the
MU-MIMO mode.

For the second control retrieving unit 402, in a practical
application, an implementable manner is that the second con-
trol retrieving unit 402 is specifically configured to:

retrieve the TXOP control by using a duration when the RD
Initiator fails to correctly demodulate the frame sent by the
RD Responder and the RD Initiator belongs to at least one
group that is used for enabling the MU-MIMO mode, where
the duration is longer than the PIFS.

It should be noted that content such as information
exchange and an execution process between modules/units of
the apparatus is based on the same concept as the method
embodiments of the present invention. The technical effects
are the same as those of the method embodiments of the
present invention. For details, reference may be made to the
description of the method embodiment illustrated in FIG. 1 in
the present invention, which are not detailed here again.

In this embodiment of the present invention, if it is possible
for the RD Responder to enable the MU-MIMO mode, the
second control retrieving unit 402 retrieves the TXOP control
by using a duration that is longer than the PIFS. Because the
RD Initiator retrieves the TXOP control by using a duration
that is longer than the PIFS, within the duration that is longer
than the PIFS, a terminal other than the RD Initiator sends a
block acknowledgment to the RD Responder, and then the
RD Responder continues sending a frame. In this case, the RD
Initiator may intercept that a channel is in a busy state, and
does not retrieve the TXOP control, thereby avoiding a con-
flict occurring between a case where the RD Initiator contin-
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ues sending another frame to the RD Responder after retriev-
ing the TXOP control and a case where the terminal other than
the RD Initiator sends a block acknowledgement to the RD
Responder. Ifit is impossible for the RD Responder to enable
the MU-MIMO mode, it is impossible for the RD Responder
to concurrently send a frame to the RD Initiator and the
terminal other than the RD Initiator. Therefore, a conflict
between a case where the RD Initiator continues sending
another frame to the RD Responder after retrieving the TXOP
control and a case where the terminal other than the RD
Initiator sends a block acknowledgement to the RD
Responder does not occur.

As shown in FIG. 5, an embodiment of the present inven-
tion provides another reverse direction initiator 500, includ-
ing:

a first control retrieving unit 501, configured to, when an
RD Initiator fails to correctly demodulate a very high
throughput signaling A1 in a frame sent by an RD Responder,
retrieve TXOP control by using a PIFS if it is impossible for
the RD Responder to enable an MU-MIMO mode;

a second control retrieving unit 502, configured to, when
the RD Initiator fails to correctly demodulate the very high
throughput signaling Al in the frame sent by the RD
Responder, retrieve the TXOP control by using a duration if'it
is possible for the RD Responder to enable the MU-MIMO
mode, where the duration is longer than the PIFS;

a third control retrieving unit 503, configured to, when the
RD Initiator correctly demodulates the very high throughput
signaling A1 in the frame sent by the RD responder but fails
to correctly demodulate the frame completely, retrieve the
TXOP control by using the PIFS if the frame is a single-user
frame and a value of a Partial AID in the very high throughput
signaling A1 is the same as a value of a Partial AID of the RD
Initiator;

a fourth control retrieving unit 504, configured to, when the
RD Initiator correctly demodulates the very high throughput
signaling A1 in the frame sent by the RD responder but fails
to correctly demodulate the frame completely, retrieve the
TXOP control by using a duration if the frame is a multi-user
frame, where the duration is longer than the PIFS; and

a fifth control retrieving unit 505, configured to, when the
RD Initiator correctly demodulates the very high throughput
signaling A1 in the frame sent by the RD responder but fails
to correctly demodulate the frame completely, retrieve the
TXOP control by using a duration if the frame is a single-user
frame and the value of the Partial AID in the very high
throughput signaling A1 is different from the value of the
Partial AID of the RD Initiator, where the duration is longer
than the PIFS.

For the first control retrieving unit 501, in a practical appli-
cation, an implementable manner is that the first control
retrieving unit 501 is specifically configured to:

retrieve the TXOP control by using the PIFS when the RD
Initiator fails to correctly demodulate the frame sent by the
RD Responder and the RD Initiator does not support the
MU-MIMO mode;

or

retrieve the TXOP control by using the PIFS when the RD
Initiator fails to correctly demodulate the frame sent by the
RD Responder and the RD Initiator does not belong to any
group that is used for enabling the MU-MIMO mode;

or

retrieve the TXOP control by using the PIFS when the RD
Initiator fails to correctly demodulate the frame sent by the
RD Responder and the RD Responder does not support the
MU-MIMO mode.
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For the second control retrieving unit 502, in a practical
application, an implementable manner is that the second con-
trol retrieving unit 502 is specifically configured to:

retrieve the TXOP control by using a duration when the RD
Initiator fails to correctly demodulate the frame sent by the
RD Responder and the RD Initiator belongs to at least one
group that is used for enabling the MU-MIMO mode, where
the duration is longer than the PIFS.

It should be noted that content such as information
exchange and an execution process between modules/units of
the apparatus is based on the same concept as the method
embodiments of the present invention. The technical effects
are the same as those of the method embodiments of the
present invention. For details, reference may be made to the
description of the method embodiment illustrated in FIG. 3 in
the present invention, which are not detailed here again.

In this embodiment of the present invention, when the RD
Initiator fails to correctly demodulate the very high through-
put signaling A1 in the frame sent by the RD responder, the
RD Initiator retrieves the TXOP control by using a duration if
it is possible for the RD Responder to enable the MU-MIMO
mode, where the duration is longer than the PIFS. Because the
RD Initiator retrieves the TXOP control by using a duration
that is longer than the PIFS, that is, within the duration that is
longer than the PIFS, a terminal other than the RD Initiator
sends a block acknowledgment to the RD Responder, and
then the RD Responder continues sending a frame. In this
case, the RD Initiator may intercept that a channel is in a busy
state, and does not retrieve the TXOP control, thereby avoid-
ing a conflict occurring between a case where the RD Initiator
continues sending another frame to the RD Responder after
retrieving the TXOP control and a case where the terminal
other than the RD Initiator sends a block acknowledgement to
the RD Responder. When the RD Initiator correctly demodu-
lates the very high throughput signaling A1 in the frame sent
by the RD responder but fails to correctly demodulate the
frame completely, the RD Initiator retrieves the TXOP con-
trol by using the PIFS if the frame is a single-user frame and
the value of the Partial AID in the frame is the same as the
value of the Partial AID of the RD Initiator. Because the frame
sent by the RD Responder to the RD Initiator is a single-user
frame, that is, the frame is sent only by the RD Responder to
the RD Initiator, it is impossible for the RD Responder to
concurrently send a frame to the RD Initiator and the terminal
other than the RD Initiator. Therefore, a conflict between a
case where the RD Initiator continues sending another frame
to the RD Responder after retrieving the TXOP control and a
case where the terminal other than the RD Initiator sends a
block acknowledgement to the RD Responder does not occur.
When the RD Initiator satisfies one of the following condi-
tions, the RD Initiator retrieves the TXOP control by using a
duration that is longer than the PIFS. The following condi-
tions are: The frame is a multi-user frame; and the value of the
Partial AID in the very high throughput signaling A1 is dif-
ferent from the value of the Partial AID of the RD Initiator.
Because the RD Initiator retrieves the TXOP control by using
a duration that is longer than the PIFS, that is, within the
duration that is longer than the PIFS, a terminal other than the
RD Initiator sends a block acknowledgment to the RD
Responder, and then the RD Responder continues sending a
frame. In this case, the RD Initiator may intercept that a
channel is in a busy state, and does not retrieve the TXOP
control, thereby avoiding a conflict occurring between a case
where the RD Initiator continues sending another frame to the
RD Responder after retrieving the TXOP control and a case
where the terminal other than the RD Initiator sends a block
acknowledgement to the RD Responder.
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A reverse direction responder RD Responder provided in
an embodiment of the present invention is described in the
following. An RD Responder is configured to, when the RD
responder enables an MU-MIMO mode, and concurrently
sends a frame to a plurality of stations that include an RD
Initiator, require only the RD Initiator to send a block
acknowledgement, so that the RD Initiator is capable of
retrieving TXOP control.

In this case, when the RD Initiator fails to correctly
demodulate a frame sent by the RD Responder, the RD Ini-
tiator retrieves the TXOP control by using a PIFS.

In this embodiment of the present invention, when the RD
responder enables the MU-MIMO mode, and concurrently
sends a frame to a plurality of stations that include the RD
Initiator, only the RD Initiator is required to send a block
acknowledgement, so that the RD Initiator is capable of
retrieving the TXOP control. Because the RD Responder
requires only the RD Initiator to send a block acknowledge-
ment and may not require an STA other than the RD Initiator
to send a block acknowledgement. Therefore, a conflict
between a case where the RD Initiator continues sending
another frame to the RD Responder after retrieving the TXOP
control and a case where the terminal other than the RD
Initiator sends a block acknowledgement to the RD
Responder does not occur.

Persons of ordinary skill in the art may understand that all
or a part of the steps of the methods in the embodiments may
be implemented by a program instructing relevant hardware.
The program may be stored in a computer readable storage
medium. The storage medium may be a read-only memory, a
magnetic disk, or an optical disk, and the like.

The method and the apparatus for retrieving transmit
opportunity control in reverse direction grant provided in the
present invention are described in detail in the foregoing.
Persons of ordinary skill in the art may make variations to the
specific implementation manner and application scope
according to the ideas of the embodiments of the present
invention. In conclusion, the content of this specification shall
not be construed as a limitation to the present invention.

What is claimed is:

1. A method for retrieving transmit opportunity (TXOP)
control in reverse direction grant, comprising:

when a reverse direction initiator (RD Initiator) fails to

correctly demodulate a frame sent by a reverse direction
responder (RD Responder), retrieving, by the RD Initia-
tor, TXOP control by using a point coordination function
inter-frame space (PIFS) if it is impossible for the RD
Responder to enable a multi-user multiple-input mul-
tiple-output (MU-MIMO) mode, and retrieving, by the
RD Initiator, the TXOP control by using a duration if it
is possible for the RD Responder to enable the MU-
MIMO mode, wherein the duration is longer than the
PIFS;

wherein the duration that is longer than the PIFS specifi-

cally is:

2*SIFS+aSlotTime+Max(BA Time),

wherein the SIFS is a short inter-frame space, the aSlot-
Time is an interval, and the Max(BA Time) is a maxi-
mum duration required for sending a block acknowl-
edgement frame.

2. The method for retrieving transmit opportunity (TXOP)
control in reverse direction grant according to claim 1,
wherein it is impossible for the RD Responder to enable the
MU-MIMO mode when one of the following situations
occurs:

the RD Initiator does not support the MU-MIMO mode;
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the RD Initiator does not belong to any group that is used

for enabling the MU-MIMO mode;

and

the RD Responder does not support the MU-MIMO mode.

3. The method for retrieving TXOP control in reverse
direction grant according to claim 1, wherein it is possible for
the RD Responder to enable the MU-MIMO mode, when the
RD Initiator belongs to at least one group that is used for
enabling the MU-MIMO mode.

4. The method for retrieving TXOP control in reverse
direction grant according to claim 1, wherein when the RD
Responder requires that a block acknowledgement frame sent
by a station STA other than the RD Initiator be a compressed
block acknowledgement frame, the duration that is longer
than the PIFS specifically is:

2*SIFS+aSlotTime+Max(Compressed BA Time),

wherein the SIFS is a short inter-frame space, the aSlot-
Time is an interval, and the Max(Compressed BA Time)
is a maximum duration required for sending the com-
pressed block acknowledgement frame.
5. A method for retrieving transmit opportunity (TXOP)
control in reverse direction grant, comprising:
when a reverse direction initiator (RD Initiator) fails to
correctly demodulate a very high throughput signaling
A1l (VH-SIG-A1) in a frame sent by a reverse direction
responder (RD responder), retrieving, by the RD Initia-
tor, TXOP control by using a point coordination function
inter-frame space (PIFS) if it is impossible for the RD
Responder to enable a multi-user multiple-input mul-
tiple-output (MU-MIMO) mode, and retrieving, by the
RD Initiator, the TXOP control by using a duration if it
is possible for the RD Responder to enable the MU-
MIMO mode, wherein the duration is longer than the
PIFS;

when the RD Initiator correctly demodulates the VH-SIG-
Al in the frame sent by the RD responder but fails to
correctly demodulate the frame completely, retrieving,
by the RD Initiator, the TXOP control by using the PIFS
if the frame is a single-user frame and a value of a partial
association identifier (Partial AID) in the VH-SIG-A1 is
the same as a value of a Partial AID of the RD Initiator;

when the RD Initiator correctly demodulates the VH-SIG-
Al in the frame sent by the RD responder but fails to
correctly demodulate the frame completely, retrieving,
by the RD Initiator, the TXOP control by using a dura-
tion if the frame is a multi-user frame, wherein the
duration is longer than the PIFS; and

when the RD Initiator correctly demodulates the VH-SIG-

Al in the frame sent by the RD responder but fails to
correctly demodulate the frame completely, retrieving,
by the RD Initiator, the TXOP control by using a dura-
tion if the frame is a single-user frame and the value of
the Partial AID in the VH-SIG-A1 is different from the
value of the Partial AID of the RD Initiator, wherein the
duration is longer than the PIFS.

6. The method for retrieving TXOP control in reverse
direction grant according to claim 5, wherein it is impossible
for the RD Responder to enable the MU-MIMO mode, when
one of the following situations occurs:

the RD Initiator does not support the MU-MIMO mode;

the RD Initiator does not belong to any group that is used

for enabling the MU-MIMO mode;

and

the RD Responder does not support the MU-MIMO mode.
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7. The method for retrieving TXOP control in reverse
direction grant according to claim 5, wherein it is possible for
the RD Responder to enable the MU-MIMO mode, when

the RD Initiator belongs to at least one group that is used

for enabling the MU-MIMO mode.

8. The method for retrieving TXOP control in reverse
direction grant according to claim 5, wherein the duration that
is longer than the PIFS specifically is:

2*SIFS+aSlotTime+Max(BA Time),

wherein the SIFS is a short inter-frame space, the aSlot-
Time is an interval, and the Max(BA Time) is a maxi-
mum duration required of sending a block acknowledge-
ment frame.

9. The method for retrieving transmit opportunity control
in reverse direction grant according to claim 5, wherein when
the RD Responder requires that a block acknowledgement
frame sent by a station STA other than the RD Initiator be a
compressed block acknowledgement frame, the duration that
is longer than the PIFS specifically is:

2*SIFS+aSlotTime+Max(Compressed BA Time),

wherein the SIFS is a short inter-frame space, the aSlot-
Time is an interval, and the Max(Compressed BA Time)
is a maximum duration required for sending a com-
pressed block acknowledgement frame.
10. The method for retrieving TXOP control in reverse
direction grant according to claim 5, wherein the frame is a
single-user frame if a value of a group identifier Group ID in
the VH-SIG-A1 in the frame is 0 or 63; and
the frame is a multi-user frame if the value of the Group ID
in the VH-SIG-A1 in the frame is a value ranging from 2
to 62.

11. A reverse direction initiator (RD Initiator), comprising:

a first control retrieving unit, configured to, when the RD
Initiator fails to correctly demodulate a frame sent by a
reverse direction responder (RD Responder), retrieve
transmit opportunity (TXOP) control by using a point
coordination function inter-frame space (PIFS) if it is
impossible for the RD Responder to enable a multi-user
multiple-input multiple-output (MU-MIMO) mode; and
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a second control retrieving unit, configured to, when the
RD Initiator fails to correctly demodulate the frame sent
by the RD Responder, retrieve the TXOP control by
using a duration if it is possible for the RD Responder to
enable the MU-MIMO mode, wherein the duration is
longer than the PIFS;

wherein the duration that is longer than the PIFS specifi-
cally is:

2*SIFS+aSlotTime+Max(BA Time),

wherein the SIFS is a short inter-frame space, the aSlot-
Time is an interval, and the Max(BA Time) is a maxi-
mum duration required for sending a block acknowl-
edgement frame.

12. The reverse direction initiator according to claim 11,
wherein the first control retrieving unit is specifically config-
ured to:

retrieve the TXOP control by using the PIFS when the RD

Initiator fails to correctly demodulate the frame sent by
the RD Responder and the RD Initiator does not support
the MU-MIMO mode;

or

retrieve the TXOP control by using the PIFS when the RD

Initiator fails to correctly demodulate the frame sent by
the RD Responder and the RD Initiator does not belong
to any group that is used for enabling the MU-MIMO
mode;

or

retrieve the TXOP control by using the PIFS when the RD

Initiator fails to correctly demodulate the frame sent by
the RD Responder and the RD Responder does not sup-
port the MU-MIMO mode.

13. The reverse direction initiator according to claim 11,
wherein the second control retrieving unit is configured to:

retrieve the TXOP control by using a duration when the RD

Initiator fails to correctly demodulate the frame sent by
the RD Responder and the RD Initiator belongs to at
least one group that is used for enabling the MU-MIMO
mode, wherein the duration is longer than the PIFS.

#* #* #* #* #*
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